ABSTRACT Sucrose (0.04 to 0.12 M) induces accumulation of both total phenolics and anthocyanin in leaf discs of grapevine (Vitis vinifera L.) incubated in intermittent light. Abscisic acid (20 FM) and 2-chloroethyl phosphonic acid (60 FiM) act synergistically with the sucrose to enhance its induction of both total phenolics and anthocyanin. The magnitude of this interaction depends on leaf age. Nitrate (30 mm) inhibits sucrose induction of phenolics and anthocyanin. Levels of total phenolics and anthocyanin changed independently.
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The identity of the inducers of phenolic biosynthesis in plants is of considerable interest due to the wide range of environmental stimuli which lead to accumulation of phenolic substances in plant tissues (27) . Phytochrome-mediated light effects on activity of PAL3 are well documented (2, 17, 27) , but little is known of nonphytochrome inducers of phenolic biosynthesis. Among externally applied substances shown to possess regulatory properties over anthocyanin accumulation, or over activity of enzymes of the phenolic biosynthetic pathway, are sugars (22, 26) , nitrate (14, 21) , ethylene (3, 6) , ABA (25) , and kinetin (12, 23) . We are studying the effect of these substances on both total phenolic and anthocyanin accumulation to elucidate mechanisms of regulation of phenolic biosynthesis. The fact that ABA and reducing sugar levels are known to change in skins of grape berries (4, 5) at a time of accumulation of phenolic compounds in that tissue has led us to test their effect, in particular, on anthocyanin and phenolic accumulation in leaf and fruit tissue of grapevine.
In this paper we report on treatments which stimulate and inhibit accumulation of both total phenolics and anthocyanin, and on a system where regulation of these two phenolic pools can be studied separately.
MATERIALS AND METHODS
Experiments with Leaf Discs. Rootlings of cv Cabernet Sauvignon were grown in a temperature-controlled glasshouse (27 C (13) were used to provide a supply of grape berries. The fruiting vines were grown as described above. Berries for experiments were excised approximately 1 day after they had commenced to color, i.e. at the commencement of the stage known as "veraison" (5) . Test (19) . Least significant differences between treatment means were computed by the Duncan multiplerange test method (19) .
RESULTS
The influence of a supply of nitrate, sucrose, and growth substances (ABA, BA, ethylene) on anthocyanin and total phenolic accumulation in leaf tissue of two ages was surveyed using leaf discs (Fig. 1) . At Spectral absorption curves (Fig. 2) show the independence of changes in phenolic (280 nm) and anthocyanin (530 nm) peaks (Fig. 1) , a result which follows logically from the studies of sucrose induction of PAL activity (2) Although 0.04 M sucrose stimulated an increase in phenolic content of discs, ABA enhancing this induction and NO3-plus BA partially reversing it, there was no further response to sucrose concentrations higher than 0.04 M. Endogenous reducing sugar levels (35 hr) rose linearly in response to increasing external sucrose concentrations. The synergistic effect of ABA and sucrose on anthocyanin accumulation could not be explained in terms of an effect on total endogenous reducing sugar levels, whereas the NO3-plus BA treatment, which inhibited the anthocyanin inductive effect of sucrose at low concentrations, did depress endogenous sugar levels.
The relative ability of 20 ,UM ABA and 60 ,zM Eth to induce accumulation of anthocyanin and total phenolics in the presence of sucrose was examined in detail (Fig. 4) . Note that leaves used in this experiment were younger than leaves used in Figure 3 . ABA induced greater anthocyanin accumulation in the presence of sucrose than did Eth whereas Eth consistently induced greater phenolic accumulation than ABA. In experiments with fruits and fruit tissues, sucrose and ABA acted independently to induce anthocyanin and phenolic accumulation in intact berries (Table I ) and synergistically to stimulate color change (appearance of anthocyanin) in cultured skin discs of green berries detached from the plant just prior to ; a anthocyanin accumulation (7) in strawberry leaf discs. The anthocyanin-stimulating effect of external sucrose on excised tissue has long been recognized (7) but a simultaneous effect on total phenolic accumulation has not been recorded previously. The increase in total phenolic levels induced in old leaf tissues by sucrose was, in fact, of greater importance than anthocyanin increases (a combination of El%m values shown in results and Figure 2 data gives greatest increases in phenolics and anthocyanin, respectively, as 135 u.g/disc and 25 ug/disc; disc dry weight approximately equals 3.5 mg). The observation that accumulation of phenolics can be induced readily in young discs without induction of anthocyanin highlights the potential for independent regulation of these two pools previously indicated by studies on enzymes involved in phenylpropanoid synthesis and flavonoid synthesis in petunia (15) and parsley (9) . In addition, it suggests that a certain competence, apparently acquired with age, is necessary for induction of anthocyanin but not phenolics.
Good evidence has been put forward with respect to induction of anthocyanin that sugar feeding acts by elevating the endogenous reducing sugar level in tissue, this in turn being linked with the accumulation of anthocyanin (21, 22) . Szweykowska (21) substantiated this endogenous sugar-anthocyanin relationship with the finding that nitrate depression of anthocyanin accumulation in excised tissue (simultaneously sugar fed) was associated with a depression in endogenous reducing sugar levels. The effect of sucrose alone, and nitrate (+BA) and sucrose in combination, on total phenolic, anthocyanin, and endogenous reducing sugar levels (Fig. 3) induced significantly greater accumulation of anthocyanin in the presence of sucrose than did Eth (60 ,UM). Eth, however, induced similar total phenolics accumulation to ABA. ABA (5) and reducing sugar levels (4) ( but not ethylene levels) rise rapidly in grape berry skin just after the beginning of stage III of berry development, a stage characterized by massive accumulation of anthocyanins. Table I shows that ABA and sucrose acted independently to induce anthocyanin to accumulate in isolated grape berries, but ABA and sucrose together induced color change in isolated skin discs excised prior to stage III. These results, in the light of the studies by Coombe and Hale (5), suggest that both ABA and sugar supply may influence anthocyanin accumulation in grape berries in vivo.
If an increase in levels of reducing sugars in tissues, even in the absence of ABA, is related to induction of accumulation of phenolics and anthocyanin, as results from this study suggest, it would be of interest to determine how endogenous sugars exert control over this secondary metabolic pathway, especially since recent work has indicated that regulation of this pathway at the substrate level is unlikely (8). 
